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A method for controlling the thickness of a galvanising 
coating on a metallic object 

THE BACKGROUND OF THE INVENTION AND PRIOR ART 



The present invention refers to a method for controlling the 
thickness of a galvanising coating on a metallic object, 
15 said coating being applied by continuous transportation of 
the object through an arrangement for depositing a molten 
galvanising metal onto the object. 



Such a method is particularly advantageous in continuous 
galvanising of a steel strip. The present invention will 
hereinafter be described with reference to such an 
application. However, it is to be noted that the invention 
is also applicable to galvanising of other metal objects, 
such as wires, bars, pipes or any other elongated elements. 



During continuous galvanising of a steel strip, the steel 
strip is continuously passed through a bath containing 
molten metal, normally zinc, or an alloy of zinc and 
aluminium, a so called galvalun process. In the bath, the 

30 strip normally passes beneath a submerged roll and then 
moves upwardly through stabilising and correcting rolls. The 
strip emerges from the bath and is transported through a set 
of gas knives, which blow the excess zinc off the strip and 
back down to the bath, thus controlling the coating 

35 thickness. The gas ejected by the knives may be air, 
nitrogen, steam or an inert gas, but air and nitrogen are 
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most commonly used. The strip is then transported 
unsupported until the coating has cooled down and is 
solidified. The coated steel strip is then guided or 
directed via a top roll to an arrangement for cutting the 
strip into separate strip elements or winding the strip onto 
a roll. Normally, the strip moves in a vertical direction 
from the submerged roll through the correcting and 
stabilising rolls and the gas knives to the top roll. 

When galvanising steel strips, it is aimed at an even and 
thin coating thickness. The coating mass is normally 
measured after the strip has passed around the top roll, and 
this reading is used to control the gas knives and hence 
regulate the coating thickness. However, due to the geometry 
of the steel strip, the distance the strip has to run 
unsupported, its speed, and the blowing action of the gas 
knives, the steel strip will move or vibrate in a direction 
generally perpendicularly to its transportation direction. 
Certain measures, such as the use of the correcting and 
stabilising rolls, a precise control of the gas flow from 
the gas knives, and an adjustment of the steel strip speed 
and/or an adjustment of the. distance over which' the strip 
has to run unsupported, may be taken in order to reduce 
these transverse movements. If not reduced, these transverse 
movements will significantly disturb the precise wiping of 
the gas knives, resulting in an uneven coating thickness. 

A higher strip speed, as well as an accurate and precise 
wiping of excessive coating material is required. However, 
the gas pressure from the gas knives, has to be increased as 
the speed of the strip is increased. Such a pressure 
increase will result in sputtering of the molten coating and 
air turbulence problems at the edge of the strip. This means 
that there is a clear upper limit to the maximum strip speed 
when gas knives are used. Moreover, such gas knives are very 
noisy. 
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To solve these problems, it has been proposed to combine or 
replace the gas knives with a magnetic wiping device. The 
magnetic wiping device generates an alternating magnetic 
5 field which is used to wipe off excessive coating from the 
metal strip. Thereby, it may be dispensed with the gas 
knives or the gas pressure from the gas knives may be 
lowered while, at the same time, the same or even a better 
wiping effect is accomplished. The use of the magnetic 
10 wiping device helps to make it possible to increase the 
strip speed while maintaining an accurate and exact wiping 
off of excessive coating. 

US-A-4 273 800 discloses such an electromagnetic wiper 
15 device for controlling the thickness of a deposited metal 
coating on a running metal strip. The excessive molten metal 
is wiped off from the strip by applying a pulsating or 
alternating magnetic flux to produce a flux in a looped path 
through the coating. 

20 

One problem connected with such magnetic wiper devices is 
that the magnetic forces acting on the metal strip, when the 
strip is not perfectly centred, tend to attract the magnetic 
strip towards the wiping coil. Consequently, the use of a 
25 magnetic wiper device may cause oscillation of the metal 
strip running from the bath to the top roll. 

US-A-4 655 166 discloses an arrangement for galvanising a 
metal strip, wherein air knives are provided for removing 

30 recesses molten metal from the strip. The arrangement 
includes an - electromagnetic device for preventing 
oscillations of the running metal strip. The electromagnetic, 
device includes permanent magnet units arranged in the 
vicinity of two opposite side edges on the running strip. 

35 Detectors are provided to detect the gap between the side 
edges and the respective, magnet unit. In order to maintain 
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the size of the gap at a determined level, control motors 
are provided to adjust the position of -the magnet units in 
response to the detected gap. 

SUMMARY OF THE INVENTION 

The object of the present invention is to reduce 
oscillations of a running metal strip and to stabilise the 
position of the metal strip. More specifically, the purpose 
of the invention is to stabilise a metal strip in connection 
with the use of a magnetic wiper device for wiping off 
excessive molten metal from the strip. 

This object is obtained by the method initially defined, 
which includes the steps of: 

transporting the metallic object from said arrangement in a 
transportation direction along a transportation path 
including a plane, 

wiping off excessive molten metal from the object by 

applying a magnetic force to the object, and 

stabilising the position of the object with respect to the 

plane by applying a stabilising magnetic force to the 

object. 

By this method, the gas knives previously used may be 
dispensed with, and an electromagnetic wiper device may be 
operated to provide a highly efficient wiping off action, 
since the metal object is stabilised by the magnetic force 
which may be applied by means of an electromagnetic 
stabilising device. 

According to an embodiment of the invention, the method 
includes the steps of: sensing the value of parameter 
depending on the position of the object with respect to the 
plane, and applying said stabilising magnetic force to the 
object in response to the sensed value, wherein the magnetic 
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force includes at least a force component directed 
transversely to the transportation direction and 
transversely to the plane. In such a way, it is possible to 
obtain a proper positioning of the object with respect to 
5 the plane so that the object runs along the plane in a 
stable manner. 

According to a further embodiment of the invention, the 
method includes the step of: applying a voltage to the 

10 electromagnetic stabilising device in response to said 
sensed value, thereby generating said magnetic force. 
Thereby, the stabilising electromagnetic force may be 
applied by applying voltage pulses to a winding of a 
stabilising pole adjacent to the plane. Preferably, said 

15 sensing step includes sensing of the level of the electric 
current through the winding. 

According to a further embodiment of the invention, said 
application step includes increasing of the magnetic force 
20 when the level of the current through the corresponding 
winding increases . The current through the winding will 
increase when the magnetic reluctance of the magnetic flux 
circuit increases, i.e. when the distance from the 
stabilising poles to the metal object increases. 

25 

According to a further embodiment of the invention, said 
application step includes applying of said voltage in the 
form of voltage pulses having a substantially- constant 
amplitude, and varying the magnetic force of the 

30 electromagnetic stabilising device by varying the length of 
the voltage pulses. Furthermore, said sensing step may 
include sensing the levei of the current through the winding 
of a stabilising pole provided on one of said sides of the 
plane and sensing the level of the current through the 

35 winding of a stabilising pole provided on the other side of 
the plane, wherein said current levels are compared and the 
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length of the voltage pulses through the winding of the 
stabilising pole having the highest- current- level are 
increased. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be explained in more detail 
with reference to different embodiments, disclosed by way of 
example only, and with reference to the drawings attached 
10 hereto. 

Fig 1 discloses schematically an arrangement for applying a 
coating to a running metal strip.. 

Fig 2 discloses an electric circuit for an electromagnetic 
15 stabilising device of a device for controlling the thickness 
of the coating on the metal strip according to an embodiment 
of the present invention. 

Fig 3 discloses an electric circuit for an electromagnetic 
stabilising device according to another embodiment. 



20 



DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS OF THE INVENTION 



The arrangement disclosed in Fig 1 includes a container 1 
arranged to contain a bath of molten galvanising metal, such 

25 as zinc or an alloy of zinc and aluminium, to be deposited 
onto a metal strip 2 running through the bath in the 
container 1. The metal strip 2 is transported through the 
container 1 by means of a roll 3 provided in the container 1 
to redirect the metal strip 2 from a downward direction to a 

30 substantially vertically upwardly directed transportation 
direction 4 along a transportation path between the roll 3 
and an upper roll 5 arranged to redirect the metal strip 2. 
The transportation path between the roll 3, 5 includes a 
substantially vertical plane x. After the upper roll 5 the 

35 metal strip is wound onto a roll 6 or cut into strip 
elements. It is to be noted that further stabilising, or 
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correcting rolls may be provided to guide the metal strip 2. 
T However, in 0 order to make the embodiment more illustrative 
such possible rolls are not disclosed in the figures. 

5 From the surface 7 of the galvanising metal bath in the 
container 1 the metal strip 2 runs generally unsupported all 
the way to the upper roll 5. As the metal strip 2 leaves the 
bath in the container 1 it is coated with molten galvanising 
metal, such as zinc, from the bath. At a predetermined 

10 distance from the surface 7 a device 8 for controlling the 
thickness of the coating on the metal strip 2 is provided. 
After the device 8, seen in the transportation direction 4, 
there are provided elements 9 for cooling the coating before 
it reaches the upper roll 5. Thereby, the coating will be 

15 solidified before the metal strip 2 is redirected by the 
upper roll 5. 

The device 8 for controlling the thickness of the coating is 
disclosed more closely in Figs 2 and 3, and includes an 
20 electromagnetic wiper device 11, 12, arranged to wipe off 
excessive molten metal from the metal strip 2 by applying a 
magnetic force onto the strip 2, and an electromagnetic 
stabilising device 13, 14, arranged to stabilise the 
position of the metal strip 2 with respect to the plane x. 
25 The electromagnetic wiper device includes a first pair of 
wiping members 11, 12 including a first wiping member 11 on 
^ one side of the plane x and a second wiping member 12 on the 
other side of the plane x. Each wiping member 11, 12 may 
include a number of wiping poles 11a and 12a, respectively. 
30 The electromagnetic stabilising device includes a pair of 
electromagnetic stabilising members 13, 14, including a 
first stabilising member 13 on one side of the plane x and a 
second stabilising member 14 on the other side of the plane 
x. Each stabilising member 13,-145 may include a number of 
35 stabilising poles 13a, 13b and 14a, 14b, respectively. 
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The electromagnetic wiping members 11 and the 
electromagnetic stabilising members 13- on one side t>f the 
plane x have a common magnetic flux carrying member 15, and 
thus form a common electromagnetic element 11, 13, 15. i n 
the same way, the electromagnetic wiping member 12 and the 
electromagnetic stabilising member 14 on the other side of 
the plane x have a common magnetic flux carrying member 16, 
and thus form a further common electromagnetic element 12, 
14, 16. Each of the magnetic flux carrying members 15, 16 
includes an iron core of iron plates or iron powder and is 
designed to provide the desired number of poles. Each 
stabilising pole 13a, 13b, 14a, 14b is surrounded by a 
winding 17 arranged to induce a magnetic flux in the 
electromagnetic elements 11-16. In the same way each wiping 
15 pole 11a, 12a is surrounded by a winding 18. 

Furthermore, the device 8 includes a sensor in the form of 
sensor members 21, 22, see Fig 2, arranged to sense the 
value of a parameter depending on the position of the metal 
strip 2 with respect to the plane x. In the embodiment 
< disclosed, each sensor member 21, 22 is arranged to sense a 

* 

current level through the respective winding 17 of the 
stabilising poles 13a, 13b, 14a, 14b. The electromagnetic 
stabilising device 13, 14 is arranged to apply a magnetic 

25 force to the metal strip 2 in response to the sensed current 
level. The magnetic force includes at least a force 
component directed transversally to the transportation 
direction 4 and the plane x. It is to be noted that Fig 2 
merely discloses sensor members 21, 22 for two stabilising 

30 poles 13a and 14a, although also the other stabilising poles 
may be connected to similar sensor members. The magnetic 
force of the stabilising poles 13a, 14a are obtained by the 
application of a voltage tp the winding 17 of the respective 
pole 13a, 14a. The voltage is applied by means of a control 

35 unit 23 connected to said windings 17 for applying said 
voltage. The control unit 23 is arranged to increase the 
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magnetic force of one of the stabilising poles 13a, 14a when 
the metal strip 2 moves in a transversal direction away from 
the stabilising pole 13a, 14a. More specifically the control 
unit 23 is arranged to increase the magnetic force of one of 
the stabilising poles 13a, 14a when the level of the current 
through the corresponding winding 17 increases. The control 
unit 23 is arranged to apply said voltage in the form of 
voltage pulses, preferably square wave pulses having a 
substantially constant amplitude, and thereby vary the 
magnetic force of the stabilising pole 13a, 14a in question 
by varying the length of the voltage pulses. 



Each stabilising pole 13a, 14a is arranged to induce a 
magnetic flux extending in a substantially closed, loop. 

15 Thereby, one such loop extends mainly from the pole 13a to 
the metal strip 2 and in the metal strip along the plane x 
to the pole 13b and via the magnetic flux carrying member 15 
back to the pole 13a. A corresponding loop extends on the 
other side of the plane x. The windings 17 of the poles 13a, 

20 13b may be electrically connected to each other to form one 
winding 17. It is possible to dispense with the winding 17 
of one of the poles 13a, 13b. 

■ 

The control unit 23 forms a so-called DC-chopper and 
25 includes a frequency converter 24 to be supplied with a 
three-phase AC- voltage. In parallel to the frequency 
converter 24, a capacitor 25 is provided. The windings 17 of 
the stabilising poles 13a, 14a are also connected in 
parallel to the frequency converter 24 via the respective 
30 sensor member 21, 22 and a respective parallel-circuit 
including a diode 26, 27 and a switch 28, 29. Furthermore, 
the control unit 23 includes a processor 30, which is 
connected to the sensor members 21, 22 and the switches 28, 
29. ' 
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The device 8 operates in the following manner. The sensor 
member 21 and the sensor member 22 are arranged to sense the 
current level through the respective winding 17. The 
processor 30 is arranged to receive the sensed level from 
5 the sensor members 21, 22, and to initiate switching of the 
switches 28 and 29 between an open state, see switch 28, and 
a closed state, see switch 29. By closing the switch 28, 29, 
a voltage will be applied to the respective winding 17. 
Consequently, the processor 30 will apply voltage pulses to 

10 the windings 17 of a certain length, which pulses induces a 
current in the respective winding 17. By means of the sensor 
members 21, 22 the current level through the windings 17 is 
measured. The current level depends on the magnetic 
reluctance of the respective magnetic flux circuit. If the 

15 distance between the metal strip 2 and one of the poles 13a, 
14a increases, also the magnetic reluctance of the magnetic 
flux circuit increases, which means that the current through 
the winding 17 will increase since the magnetic reluctance 
of the magnetic flux circuit is reciprocally proportional to 

20 the current through the winding 17. 

As appears from Fig 3, the device according to the invention 
may be provided with sensor members of another type than 
those disclosed in Fig 2, for instance position sensors 

25 mounted to the respective stabilising pole 13a, 14a. As in 
the previous embodiments the sensor members 21, 22 are 
connected to the processor 30. It is to be noted that any 
kind of proximity sensors or possibly mechanical sensors 
sensing the position of the strip 2 by contact may be 

30 employed in the device- according to the invention. 

The present invention is not limited to the. embodiment 
disclosed but may be varied and modified within the scope of 
the following claims . 

35 
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It is to be noted the more than one device 8 may be provided 
along the transportation path. Especially, when the strip 2 
has a width exceeding a certain value, two devices 8 may be 
provided along the width of the strip 2. 
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Claims 

1. A method for controlling the thickness of a galvanising 
coating on " a metallic object, said coating being applied by 

5 continuous transportation of the object through an 
arrangement for depositing a molten galvanising metal onto 
the object, the method including the steps of: 

transporting the metallic object from said arrangement 
in a transportation direction along a transportation path 
10 including a plane, 

wiping off excessive molten metal from the object by 
applying a magnetic force to the object, and 

stabilising the position of the object with respect to 
the plane by applying a stabilising magnetic force to the 
15 object. 

2. A method according to claim 1, including the steps of: 
sensing the value of parameter depending on the 

position of the object with respect to the plane, and 
20 applying said stabilising magnetic force to the object 

in response to the sensed value, wherein the magnetic force 
includes at least a force component directed transversely to 
the transportation direction and transversely to the plane. 

25 3. A method according to claim 2, including the step of: 

applying a voltage to the electromagnetic stabilising 
device in response to said sensed value, thereby generating 
said magnetic force, 

30 4. A method according to claim. 3, wherein the stabilising 
electromagnetic force is applied by applying voltage pulses 
to a winding of a stabilising pole adjacent to the plane. 

5. A method according to claim 4, wherein said sensing 
35 step includes sensing of the level of the electric current 
through the winding. 
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6. A method according to claim 5, wherein said application 
step includes increasing of the magnetic force when the 
level of the current through the corresponding winding 

5 increases, 

7. A method according to claim 6, wherein said application 
step includes applying of said voltage in the form of 
voltage pulses having a substantially constant amplitude, 

10 and varying the magnetic force of the electromagnetic 
stabilising device by varying the length of the voltage 
pulses . 

8 . A method according to any one of claims 4 - 7 , 3 

15 wherein said sensing step includes sensing the level of the 
current through the winding of a stabilising pole provided 
on one of said sides of the plane and sensing the level of 
the current through the winding of a stabilising pole 
provided on the other side of the plane, and 

20 wherein said current levels are compared and the length of 
the voltage pulses through the winding of the stabilising 
pole having the highest current level are increased. 

9. A method according to any one of the preceding claims, 
25 wherein the galvanising metal mainly consists of zinc. 

10. A method according to any one of the preceding claims, 
wherein the galvanising metal mainly consists of an alloy of 
zinc and aluminium. 

30 
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□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



tJ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




BLACK BORDERS 




INES OR MARKS ON ORIGINAL DOCUMENT 
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